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As hereinbefore indicated the pressure distribution that 
is associated with warm months and cold months in the 
United States and Canada is known, but as yet no 
promise is held out of our ability to forecast the pressure 
distribution of the North Pacific for a season in advance ; 
moreover, the great accumulation of cold air in the polar 
basin of December, 1916, and December, 1917, appears 
to have been unattended by any thus far reco 
preliminaries, although in both cases e-xceptiona y high 

resure prevailed in various parts of the Northern 
%emis here, which apparently were consolidated in the 

merely an assumption that will have to be confimed by 
many more years of observation. 

The most important single variable involved is without 
question the variations in North Pacific pressures one 
quarter in atir-ance and the influence of such variations 
u on the weather of North American Continent. Astudy 

studies, for esample. ns to whether or not variations in 
the intensity of the Siberian HIGH of the cold season have 
a ronounced influence u on Pacific pressures to the east 

study mi ht  he concerned with the possible influence of 

on the readiness wit.h which oceanic cyclones pass inland 
during the cold season. 

The foregoin5 suggestions are tentative and include 
those items which in the opinion of the writer would 
yield the most helpful result.s. Atlantic pressure is im- 
portant, but must take a subordinate place to that of the 

fYable 

polar E asin in the months named. This is, however, 

o P this variable would naturally require several collateral 

o P Japan, and, if so, how P ar can they be traced? Another 

early or B ate snowfall in the northern Canadian Rockies 

Pacific. The ho e of the future so far as seasonal fore- 
casting for the 6 nited States is concerned lies in the 
Pacific. 
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ON THE RELIABILITY OF HAIR HYGROMETERS 

By L. T. SAMUELS 

[U. 8. Weather Bnmn, Wssblngton, D. C.. Deeember 9,19251 

Humidit data recorded by the Weather Bureau are 

supplemented at a few stations b recor s from hair 

as the standard. As is well known, the manipulation of 
the psychrometer at temperatures below freezing re- 
quires special care and considerably more time than n t  
higher temperatures. With a view toward effecting an 
improvement in humidity determinations during low 
temperatures a hair hygrograph was exposed to various 
temperatures and hurmdities and its performance ob- 
served in relation to simultaneous readings of a whirling 
psychrometer exposed to the same conditions. The 
results obtained, preceded by a brief statement regarding 
the characteristics of both types of instruments, will now 
be resented. 

{he principal reason for the wide use of the psychrom- 
eter as compared with other types of hy rometers is the 

scientific instrument. However, it has fre uently been 

part of the so-called “error” of the compared instrument 
was the error of the ps chrometer. Under the best con- 

wet bulb roperly covered and moistened, the exposure 

freezin the humidity measurementa from a psychrom- 
eter w i t  be accurate within about 2 per cent, but if either 
the tem erature or relative humidity is low, or the air 

per cent.’ When the temperature is below freezing the 

B obtained c 1 iefly from observations with ps chrometers, 

hygrographs, the former, however, a T ways being regarded 

constancy of its indications, a truly valua % le asset in any 

used as a standard of reference under con ? itions where 

ditions, i. e., when bot T thermometers are accurate, the 

and vent1 .p ation adequate, and the temperature above 

approac R inp saturation, the errors may be larger than 10 

errors of observation due to the smallness of the quantities 
to be measured are often exceedingly large, malung other 
methods preferable at  such times. For example, a de- 
pression of only 0.1’ C. corresponds to a difference of 5 
per cent in the relative humidity a t  - 15’ C., 7 per cent 
a t  -20° C., 18 per cent a t  -30’ C., and 45 per cent 
at  -39’ C. Another source of uncertainty is the thick- 
ness of the ice covering the wet bulb, which, if more than 
a very thin film! appreciably retards the cooling of the 
bulb. 

The most important defect in the hair hygrometer is 
the variability of its zero, a fact which is, however, often 
exn gerated in comparison with psychrometers, owing 

in the latter. In  northern Europe and other regions 
where low temperatures are more or less common the 
hair hygrometer has been found very satisfactory, and 
wide Experience has unquestionably shown that when 
pro erly cared for it is an excellent instrument. The 
detail in numerous publications.’ 

Mr. C. S. Lin , official in charge, of the aerological 
station a t  Dresef Nebr., began early in 1924 a series 
of comparisons between a psychrometer and hair hygro- 
graph. Owing to the fact that electric power for oper- 
ating the ventilating fans could not always be obtained 
when desired a t  Drexel, these observations were trans- 

to t % e bad condition of the former as well as inaccuracies 

tec R nique of hygrometry is summarized in considerable 

’ “A Dlseusslon on Hygrometry ’’ by Shaw, Slmpson. Grimtlu, and othms. Proc. 
Phys Soc of London 1031-??. vol) 34’ “Errors of Absor tlon Eygrometers ” AnMh 
Astrdn. Obs Harvnrd Coll Vol L V h  Pt I1 1906 b # P Fer ussow shd lnlesa 
detail in t h e h c l o  on “Huihdit;” by Skinner in “1 dctjoniry o8AppUbd Physics.” 
vol 3 Glazebrook and othors London 1923 and by 9 P Fergusson ‘‘Methods for 
me&h humldlty,” Jour. Af the Opha l  boc. of Amer.’and Rev. i f  Scient. Inst.. 
vol. 10, 30. 1. January, 19%. 1 Shaw, A .  Norman. Trans. Royal SOC. Canada. Vol. 10,1918. 



ferred to the aerological station at’ Ellendale, N. Dak., 
during the summer of 1934, where they were continued 
until the sprin of 1925. A hygrograph, one of the at- 

dale after having been put in proper worliing condition 
at the central office. The procedure followed is de- 
scribed by Mr. L. A. Warren, offic.is1 in charge, as follows: 

tern in genera f use in the bureau, was furnished E P len- 

After the hygrograph was properly adjusted i t  was placed in t h e  
thermometer shelter and allowed to run continuously for two 
months in the early autumn, when air temperatures were favorable 
for comparisons with the psychrometer. The record sheets mere 
changed weekly and artificial ventilation provided when necessory 
by means of an electric fan placed in the shelter. Cnmparative 
observations were made bihourly every day until 4 p. in. and occa- 
sionally during the evening. Following this, the hygrograph was 
fitted with a 29-hour clock druin and placed in the testing 110s 
used for standardizing meteorographs, where i t  was compared 
with a psychrometer at various humidities and temperatures. 
Efforts to secure low humidities simultaneously with low teni- 
peratures were unsuccessful, since the hoses are not equipped with 
devices for controlling the latter. Later, however, a fairly large 
number of comrarisons were obtained in the open air a t  tenipera- 
tures between 1 C. and -20” C. The following procedure was 
employed: A s elf was built outside the office window whereon 
the instrument x l d  be exposed either inside or outside the test- 
ing box, as migh be desired, in the blast of nn electric fan operated 
from inside the office. Exposed in this way the instruments could 
be read through the closed window and any effect of the observer’s 
body or of air from the room entirely eliminated. 

Throughout these comparisons special precautions were inva- 
riably taken to provide suficieiit ventilation and to prevent, so 
far as possible, any artificial effects from reaching the instrument; 
also to secure an accurate record by the hygrograph by maintain- 
in the lightest possible pressure of the pen nnrl carefully jarring 
it tefore making readings. 

Considering the psychrometer as thc s tnntlnrcl it. was 
found that out of a total of 501 conipurisons nintle at  
various humidities with tempernturcs rangino from 
-16.2O C. to 38.8’ C., 93.i per cent of the clifrerences 
were within f 5 per cent (relative humidity), while none 
was larger than f 8 per cent. It is evident from Figure 1, 
showin the distribution of these differences, that they 
are fair 7 y symmetrical and that a larger number of rom- 

arisons would undoubtedly make them more nearly so. 
$he standard deriation of the differences for all tenit>era- 
tures used was 3.04 mcl the probable error 3.05. 1 hese 
values were not materidly reclucecl when based on only 
those readings macle at tcni eratures above freezing, 

to the low temperatures. It may therefore be assumed 
that if an instrument of this type functions satisfactorily 
for an extended period at ordinary temperatures above 
freezing it will continue to (lo so at  temperatures below 

indicating thereby no apprecia e le effect on the hairs due 

freezing. 
The excellent nerformnnce here indicated is all the 

more convincing +hen it is imclerstood that throughout 
the entire series of commrisons at  Ellentlde (August, 

never reset. I t  is evident, therefore, that the hair hygro- 
aph when properly esposed n.nd cared for is a very 

gpendable instrument, and it woulcl seem advisable in 
making humidity observntions, especklly during low 
temperatures, to be pitled to some extent by the 
indications of this instrument. These conclusions apply 
to “indicating” as well as to “recording” hair hygrom- 
eters (hygrographs) and confirm the experience of 
European observers previously referred to. 

At the aerological stations of t.he Weather Bureau 
provision against sudden failure of the hygrogmph is 
made by employing a dial-rendin heir hygrometer in 

low temperatures when the psychrometer is believed to 

1924, to March, 1925) t h e pen of the hygrograph was 

conjunction with the former and t % e psychrometer. At 

be a preciably-in~error‘the’indications of the hygrometer 
and ?l j-grograph are observed and if in close agreement 
with each other they are assumed to be correct; whereas, 
if pronounced differences occur, the source of error is 
ascertained by comparisons 1vit.h a psychrometer at  
temperatures above freezing, secured indoors if neces- 

& caring for a hygrograph the most ini ortant feature 

grease and oil. For this reason t h y  should not be 
touched with the bare fingers. . Dust can usudy  be 
removed from the hairs with a camel’s-hair brush, which 
may be used either dry or dipped in clenn distilled water 
or pure grain dcohol, depending on the condition of the 
hairs. If they have become oily or greasy, it  may be 
necessary to resensitize thcm bv allowing them to soak 
for n short time in other. Too frequent sensitizing, how- 
ever, causes them to beconic brittle. The mechanism, 
clock! etc., are o€ course susceptible to nll influences that 
affect bliermogrn Ihs nncl other similar instruments and 

sax . 
is that of keeping the hairs clenn and nbso P utely free from 

should be cnretl I or accordingly. 
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RELATIVE HUMIDITY DIFFERENCES (Z) 

FIG. 1.-Frequency of the various diflerences betawen readings of by rograpb and psy- 
chrometer at temperatures ranging from --lli.Z0 C. to 38.P C. fPsychrometer re- 
garded 8s the standard.) 

DISCUSSION 

Mr. Samuels’ coniporison supp1ic.s information that 
was lacking in 1921, when the measurement of humidity 
at northwestern st.ntions was under consicleration. At 
that time the inadequacy of the psychrometer at low 
tem eratures was admitted. but the suldtut ion therefor 

behavior of the latter instrument at  t.emperatureg below 
freezing was better underst,nocl. The new data sust,rtin 
the conclusions of Wild, Rykntchem. and other authori- 
ties familiar with the performnnce nf hygrometers in cold 
climates-that the hair hygrometer is superior to the 
psychromete,r at  low temperntures-in that the differ- 
ences between the two are no larger than should be 
expected from the rate of increase of the error of the 
latter. which is known to be very riipid as the temperature 
falls below freezing. 

of t K e hair hygromeber wa.s deemed inadvisable until the 
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The hair hygrometer should be standardized at  tem- 
peratures down to -40" or lower, by comparison,:with 
the chemical h grometer or other apparatus the errors 

Doctor Svcr- 
drup's modified as iration psycironieter, in which are 

be useful, since it is free from instrurnentaferrms un- 
avoidable when t.herniometers are used, but the Iis11al 
precautions regardin niana ement and esposure, etc. , 
will be necessar . 

rohable 
errcm of hair hygrometers as a class, and t.iereafter 
changes of zero or range can be detected by comparisons 
at t.em eratures above freezing. 

It s I: ould be stated, however, that alt,hJLlf$l the es- 
tension of this wcirk is most desirable, accumulated 
experience and the data already at, hand indicate clearly 
that at  t,he present t.ime records of h1;niidit.y in cold 
climates could be improved ver decidedly by t,he lise 

The relative merits of psychromet.ers nntl hair 1ipgri)ni- 
eters under such conditions crinbest be stntecl in t.liis \vny: 

(1) The statement of the incrense of error of t.he pq-- 
chrometer, quoted froni sereral authorities, absiinics the 
use of ood instruments under "researcli " czrnclil.ions; 
a proba B le error of &20 per cent a t  -20" might. ensily 
increase to f30 per cent or niore when instrnrncnts wid1 
unknown errors are employed by untrnined CI~JKC'I.TCI'S. 

(2) Hair hygrometers me not. a prccialjly affected by 

evi a ent from the fact that !he snnie iiistrrinient can be 
used throughout the year without at1 'ustnient.. 

hair hygromet.er increases u t  ten1 eratures below freezing : 
on the contrary, all the data we Ea.ve su )port.s thc proha- 

temperatures. It is highly iniprobable that any element 
other than moisture can affect hair at  low temperatures, 
and no other has been suggested. One very important 

! of which shoul B not exceed 10 er cent. 

employed thermopi Y es reading tm 0.001" C., romiws to 

T i e  &an C Y  ardization of several instru- 
ments should i e sufficient t.o determine the P 

of the hair hygrometer when t, K e t.emperat.ure is 1 . 0 ~ .  

tem eratures within tlie atmosp E eric rungc. 11:is is 

(3) There is no evidence at  hnncl t h at the error of the 

bility that it IS no larger at  rery low t. \ ian at  nioc1erat.e 

adva.ntage possessed by the hair hygrometer-obvious to 
all-is that, since readmgs can be made " at sight " before 
the surrounding air is influenced by the observer's body, 
the data are not subject to the errors of condition so 
dif€icult to avoid when the ps chrometer is employed. 

is not known to increase at low temperatures, we can not 
ilo better than to use the one that will come nearest to 
yielding the dat,a desired. Even if the data are to an 
indefinite estent qualitative, the directir.1 of a change of 
cmdition is often of more importancp'mm its estent. 

A s  suggos tee1 for the aerological 4,ations. t.wo instru- 
ments, the hy-rograph and a simple, nonrecording instru- 
ment rpreferahy of tlie single-hair type), could be kept 
in use at  all northern stations and the metin of their read- 
ings aclopted as Lhe rcltttive huiniclity at  any observation. 
Lhider ordinary circumstances. the change of zero (the 
only serious clefect of the hair hygronieters) can be found 

chronietcr when the tem iersture is above freezing, t.a 9- i- 
t ine l  corrected by means of coiiiparisons with the ps 

ing care to ventilate bot i instruments and protect them 
&pinst  artificial hent.ing, etc. Chnnges of range, oh- 
viously, can be clet.ected by tlie same method when the 
range of humidity within a short period of time is hrge; 
but. n niore satisfacfory method, particularly in winter. 
when the humidit,y in 1ieat.ecl rooms is low, is that of 
i:oniparing the instlumen t.s at t.he conditions prevailing 
in t.he room and aftciwards determining the errors of 
the hair hggrimieters near saturation by coverin t.hem 
with a saturutetl bat,li towel. The highest hurnii t  or- 
dinarily attainable by t.his niet.liod in a tlry room is a 5 out 
$)ti or 87 per cent.; but, while we may agree with Napier 
Shaw in our tlislike for a met,hocl that does not quit.e give 
us the saturat,ion point, we know from experience t,hat a 
hair hygrometer adjust.ed to rend 96 per cent under a 
moist. cloth will read 100 per cent. when the air itself is 
saturatcd-and t.he method is so simple that it can be 
used by anyone.-8. P. Fergusson. 

Consequent1 when one o 9 two methods fails (as we 
know the psyc K rometer does) and tlie error of t,he other 

T H E  EAST WIND AND ITS LIFTING EFFECTS A T  FORT SMITH, ARKANSAS 
By TRUMAN G. SHIPMAN 

[Weather Bureau Oflice, Fort Smith, Ark., December 10, 19251 

Fort Smith is located in western Arkansas on the hanks 
of the Arkansas River. While it has a continental cli- 
mate, it is far enough east to escape tlie se-rere effects 
of the "norther" of the western plains and is near 
enough to the Gulf of Mexico to have its winter tempera- 
ture moderated by southerly winds. The surrounding 
topogra hy is the cause of several local features of c.li- 
mate. !&, is my purpose to discuss them because thcy 
have a bearing on local forecasts. 

The Arkansas River at Fort Smith flows through a 
valley which is many miles wide in eastern Oklahoma, 
but narrows to almost a point 100 miles east of Fort 
Smith. North of the valley are the Boston Mountains, 
which extend Irom northeastern Oklahoma about two- 
thirds across Arkansas, and reach elevations of about 
2 300 feet in Newton County, Ark. The Ozark Plateau 
about 40,000 square miles in extent, lies northeast 01 
the valley. South of the valley, a range of hills and 
mountains, beginning with the Arbuckle and Ouachita 
Mountains in southeastern Oklahoma, extends eastward 
tojcentral Arkansas. Peaks in this ridge reach elevations 
of 2,500 to 3,000 feet, although the avera e height is less. 

wide end of a V-shaped lowland. 
bus it is seen that Fort Smith is near t % e center of the 

The most striking feature of climate at  Fort Smith is 
the prevailing east wind, which blows 41 or cent of the 

winds are expected in the winter season and southerly 
in the summer. The wind is mainly a plateau-valley 
breeze, although the seasonal low pressure area over tHe 
cent,er of the continent in summer is a contributing €actor 
in increasing the percenta e a t  that season. The wind 
originates on the Ozark P 9 ateau to the northeast; as a 
result of the more rapid nocturnal cooling there than 
that which takes place a t  the lower elevations. It flows 
thence down the southern slo e of the Ozarks and, as i t  
reaches the valley floor, its Sirection is determined by 
the trend of the valley. Since the eastern end of the 
valley has only a narrow outlet, the air flows towards the 
wider opening in the west, thereby becoming an east 
wind. 

It is the o inion of the writer that this wind is rather 

depth; that its depth is the elevationfiof the plateau 
above the valley and tapers to nothing!about 50 miles 
west of Fort Smith. 

time. This occurs in a region where nort R to northwest 

shallow, per i aps not more than 1,500 to 2,000 feet in 

The conditions above Fort Smith _ _ _  - ___ ~ ___ 
1 U. 9. W. B.. Bull. F. Report of hlte Observstlons. lssS, p. 29. 


